TITLE OF THE INVENTION 

ARTERIOSTENOSIS DIAGNOSING APPARATUS 

BACKGROUND OF THE INVENTION 

Field of the Invention 
[0001] The present invention relates to an arteriostenosis 

diagnosing apparatus which diagnoses arteriostenosis of a living subject 
based on an inferior and superior limb blood pressure index, and pulse wave 
velocity related information, obtained from the subject. 

Related Art Statement 
[0002] Inferior and superior limb blood pressure index is known as 

an index useful to diagnose arteriostenosis or arterial occlusion resulting 
from atherosclerosis. This index is expressed as the ratio of superior limb 
blood pressure to inferior limb blood pressure or the ratio of inferior limb 
blood pressure to superior limb blood pressiure. Generally, systolic blood 
pressure values are measured to determine this index. In addition, generally, 
an ankle is used as the inferior Umb and a brachium is used as the superior 
Umb, i.e., ankle and brachium blood pressure index ABI is measured as the 
inferior and superior limb blood pressure index. When a certain portion of 
an artery has stenosis, a blood pressure in a downstream portion of the 
artery that is located on a downstream side of the stenotic portion in a 
direction of flow of blood in the artery is lower than that of an upstream 
portion of the artery, so that an abnormal inferior and superior limb blood 
pressure index is obtained and accordingly arteriostenosis can be diagnosed. 
In many cases, arteriostenosis occurs to an inferior limb of a living being. 
[0003] Since inferior and superior limb blood pressure index is a 

simple index, i.e., the ratio of one of inferior and superior limb blood 
pressure values to the other, it is needed to measure accurate inferior and 
superior limb blood pressure values so as to obtain the index with reliability. 
By the way, calcification is a different arteriosclerosis than atherosclerosis. 
When calcification of a certain portion of an artery progresses, a blood 
pressure in the calcified portion is higher than that in other portions of the 
artery. If the calcification further progresses, the blood pressure of the 
calcified portion becomes still higher, because the calcified portion cannot 
completely be occluded. Therefore, if calcification of artery progresses in an 
inferior limb, a normal inferior and superior limb blood pressure index may 



be obtained even if the inferior limb may have arteriostenosis. 
[0004] Hence, when a normal inferior and superior limb blood 

pressure index is obtained, it is needed to judge whether the normal index 
means that the inferior limb does not have arteriostenosis, or that the 
inferior limb has not only arteriostenosis but also calcification. To this end, 
there has been proposed an apparatus which obtains, in addition to inferior 
and superior limb blood pressure index, pulse wave velocity related 
information that is related to a velocity at which a pulse wave propagates 
between two body portions of a living being. This apparatus is disclosed by, 
e.g., Patent Document 1 (Japanese Patent No. 3,140,007). Since pulse wave 
velocity related information is useful to evaluate the degree of calcification 
of artery, whether arteriostenosis is present or not can be judged more 
reliably based on the pulse wave velocity related information in addition to 
the inferior and superior limb blood pressure index. 

[0005] Thus, the purpose of measurement of the pulse wave velocity 

related information is to determine the degree of calcification of the 
inferior-limb artery firom which the inferior limb blood pressure value used 
to calculate the inferior and superior limb blood pressure index is measured. 
Therefore, recently, it is proposed to obtain pulse wave velocity related 
information firom an interval whose one end is defined by a measurement 
portion (e.g., an ankle) of an inferior limb where an inferior limb blood 
pressure value is measured, and which includes an upstream portion of the 
inferior limb that is located on an upstream side of the measurement 
portion. This technique is proposed by, e.g., Patent Document 2 (Japanese 
Patent Publication No. 2002-272688). 

[0006] However, as the degree of arteriostenosis increases, the pulse 

wave velocity related information is influenced more and more by the 
stenosis, and the direction of influence of the stenosis to the information is 
opposite to that of influence of the calcification. For example, as 
arteriostenosis progresses, pulse wave velocity decreases; on the other hand, 
as calcification progresses, the velocity increases. Therefore, in the case 
where pulse wave velocity related information is obtained from the interval 
including the upstream portion of the inferior limb, located upstream of the 
measurement portion where the inferior limb blood pressure is measured, as 
taught by Patent Document 2, normal pulse wave velocity related 
information may be obtained depending on respective degrees of 



•3- 



arteriostenosis and calcification. Thus, there are some cases where, though 
arteriostenosis is present, neither pulse wave velocity related information 
nor inferior and superior limb blood pressiure index show abnormal values 
and accordingly the stenosis cannot be found, 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to provide an 

arteriostenosis diagnosing apparatus which can more reliably find 
arteriostenosis of a living subject. 

[0008] To achieve this object, the Inventor has carried out extensive 

researches and studies, and found that arteriostenosis of an inferior limb 
can be found more reliably by determining an inferior and superior limb 
blood pressure index based on an inferior limb blood pressure obtained at a 
measuring point on the inferior limb, obtaining first pulse wave velocity 
related information with respect to a first interval whose one end is defined 
by the measuring point and which includes an upstream portion of the 
inferior limb located upstream of the measuring point, obtaining second 
pulse wave velocity related information from a second interval which does 
not include any portions of the inferior limb, and judging whether the 
stenosis is present or not, based on the second pulse wave velocity related 
information in addition to the blood pressure index and the first velocity 
related information. More specifically described, calcification of artery is 
considerably systemic and accordingly, if the second pulse wave velocity 
related information is abnormal, then there is a high possibility that the 
first velocity related information may also be abnormal. If, notwithstanding, 
the first velocity related information is normal, then it can be judged that 
because arteriostenosis and calcification concurrently progress in the first 
interval where the first velocity related information is obtained, the first 
velocity related information appears to be normal and the blood pressure 
index appears to be not abnormal, i.e., normal or advisory. The present 
invention has been developed based on this finding. 

[0009] The above object has been achieved according to the present 

invention. According to the present invention, there is provided an 
arteriostenosis diagnosing apparatus, comprising an inferior limb blood 
pressure measuring device which measures an inferior limb blood pressure 
at a first measuring point on an inferior limb of a living subject; a superior 
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limb blood pressure measuring device which measures a superior limb blood 
pressure at a second measuring point on a superior limb of the subject; an 
inferior and superior limb blood pressure index determining means for 
determining an inferior and superior limb blood pressure index of the 
subject, based on the inferior limb blood pressure measured by the inferior 
limb blood pressxu^e measuring device and the superior limb blood pressure 
measured by the superior limb blood pressure measuring device; a first 
pulse wave velocity related information obtaining means for obtaining first 
pulse wave velocity related information that is related to a first velocity at 
which a first pulse wave propagates through a first interval whose one end 
is defined by the first measuring point and which includes an upstream 
portion of the inferior limb that is located upstream of the first measuring 
point as seen in a direction of flow of arterial blood in the inferior limb; a 
second pulse wave velocity related information obtaining means for 
obtaining second pulse wave velocity related information that is related to a 
second velocity at which a second pulse wave propagates through a second 
interval which does not include any portions of the inferior limb; and an 
arteriostenosis judging means for judging, when the inferior and superior 
limb blood pressure index does not fall in a prescribed abnormal index range, 
when the first pulse wave velocity related information falls in a prescribed 
normal information range, and when the second pulse wave velocity related 
information falls in a prescribed abnormal information range, that there is a 
possibility that the inferior limb has arteriostenosis. 

[OOlO] There are some cases where, because not only arteriostenosis 

and but also calcification progress in the inferior limb fi'om which the 
inferior limb blood pressure used to determine the inferior and superior limb 
blood pressure index is measured, the blood pressure index does not fall in 
the prescribed abnormal index range, i.e., falls in a prescribed normal or 
advisory range, and the first pulse wave velocity related information 
obtained fi-om the first interval whose one end is defined by the first 
measuring point where the inferior limb blood pressure is measured and 
which includes the upstream portion of the inferior limb that is located 
upstream of the first measuring point falls in the prescribed normal 
information range. Even in those cases, if the second pulse wave velocity 
related information obtained firom the second interval which does not 
include any portions of the inferior limb falls in the prescribed abnormal 
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information range, the arteriostenosis judging means judges that there are 
some possibihties that the inferior limb may have arteriostenosis. Thus, the 
present apparatus can more reliably find the arteriostenosis of the inferior 
limb. 

[0011] Here, preferably, the second pulse wave velocity related 

information obtaining means obtains the second pulse wave velocity related 
information that is related to the second velocity at which the second pulse 
wave propagates through the second interval that is located in an upper half 
of a body of the subject. If both arteriostenosis and calcification progress in 
the second interval, as well, where the second pulse wave velocity related 
information is obtained, and consequently the second velocity related 
information appears to be normal, it may be difficult to find the 
arteriostenosis of the inferior limb where the inferior limb blood pressure 
used to determine the blood pressure index is measured, even if the second 
velocity related information may be used in addition to the blood pressure 
index and the first velocity related information. However, since 
arteriostenosis is less litely to occur to the upper half of the body, the 
arteriostenosis of the inferior limb where the inferior limb blood pressure is 
measured, can be found more reliably based on the second velocity related 
information obtained fi-om the upper half of the body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and optional objects, features, and advantages of 

the present invention will be better understood by reading the following 
detailed description of the preferred embodiments of the invention when 
considered in conjunction with the accompanying drawings, in which- 

Fig. 1 is a diagrammatic view for explaining a construction of 
an arteriostenosis diagnosing apparatus to which the present invention is 
applied; 

Fig. 2 is a diagrammatic view for explaining essential control 
functions of an electronic control device of the apparatus of Fig. i; 

Fig. 3 is a view showing an example of a two dimensional 
graph that is displayed on a display device under control of a display control 
means shown in Fig. 21 

Fig. 4 is a flow chart representing a portion of the essential 
control functions of the electronic control device, shown in Fig. 2, i.e., an 
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ankle and brachium blood pressixre index ABI calculating routine? and 

Fig. 5 is another flow chart representing another portion of 
the essential control functions of the electronic control device, i.e., a pulse 
wave propagation velocity calculating and arteriostenosis diagnosing 
routine. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0013] Hereinafter, there will be described a preferred embodiment 

of the present invention in detail by reference to the drawings. Fig. 1 is a 
diagrammatic view for explaining a construction of an arteriostenosis 
diagnosing apparatus 10. This diagnosing apparatus 10 performs 
measurements in a state in which a patient as a living subject takes a 
face-up position or a lateral position, so that a brachium 14 and an ankle 12 
of the patient are substantially level with each other. 

[0014] In Fig. 1, the arteriostenosis diagnosing apparatus 10 

includes an ankle blood pressure measuring device 16 which measures a 
blood pressure of the ankle 12 and functions as an inferior limb blood 
pressure measuring device; and a brachium blood pressure measuring 
device 18 which measures a blood pressure of the brachium 14 and functions 
as a superior limb blood pressure measuring device. 

[0015] The ankle blood pressure measuring device 16 includes an 

ankle cuff 20 which includes a belt-like cloth bag and a rubber bag 
accommodated in the cloth bag and which is adapted to be wound around 
the ankle 12 of the patient! a pressure sensor 24 and a pressure control 
valve 26 which are connected to the ankle cuff 20 via a piping 22; and an air 
pump 28 which is connected to the pressure control valve 26 via a piping 27. 
The pressure control valve 26 adjusts a pressure of a pressurized air 
supplied from the air pump 28, and suppHes the pressure adjusted air to the 
ankle cuff 20, or discharges the pressurized air from the ankle cuff 22, so as 
to control an air pressure in the ankle cuff 20. In the present embodiment, 
the ankle 12 is an ankle of a left inferior limb (i.e., a left leg) of the patient. 
However, the ankle cuff 20 may be wound around an ankle of a right inferior 
limb of the patient. 

[0016] The pressure sensor 24 detects the air pressure in the ankle 

cuff 20, and supplies a pressure signal, SPl, representing the detected air 
pressure, to a static pressure filter circuit 30 and a pulse wave filter circuit 
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32. The static pressure filter circuit 30 includes a low pass filter which 
extracts, firom the pressure signal SPl, an ankle cuff pressure signal, SCa, 
representing a static component of the detected air pressure, Le., a pressing 
pressure of the ankle cuff 20 (hereinafter, referred to as the ankle cuff 
pressure, PCa). The filter circuit 30 supplies the ankle cuff pressure signal 
SCa to an electronic control device 36 via an A/D (analog to digitaO 
converter 34. 

[0017] The pulse wave filter circuit 32 includes a band pass filter 

which extracts, from the pressure signal SPl, an ankle pulse wave signal, 
SMa, representing an ankle pulse wave as an oscillatory component of the 
detected air pressure that has prescribed fi-equencies. The filter circuit 32 
supplies the ankle pulse wave signal SMa to the control device 36 via an A/D 
converter 38. Since the ankle pulse wave signal SMa represents the ankle 
pulse wave as the pressure oscillation produced in the ankle cuff 20, the 
pulse wave filter circuit 32 functions as an ankle pulse wave detecting 
device. 

[0018] The brachium blood pressxire measuring device 18 includes a 

brachium cuff 40 which is adapted to be wound around the brachium 14, 
and additionally includes a pressure sensor 44, a pressure control valve 46, 
an air pump 47, a static pressure filter circuit 48, and a pulse wave filter 
circuit 50 which have respective constructions identical with those of the 
counterparts of the ankle blood pressure measuring device 16. The 
brachium cuff 40 is connected to the pressure sensor 44 and the pressure 
control valve 46 via a piping 42; . and the pressure control valve 46 is 
connected to the air pump 47 via a piping 43. 

[0019] The pressure sensor 44 detects an air pressure in the 

brachium cuff 40, and supplies a pressure signal, SP2, representing the 
detected air pressure, to the static pressure filter circuit 48 and the pulse 
wave filter circuit 50. The static pressure filter circuit 48 extracts, from the 
pressure signal SP2, a brachium cuff pressure signal, SCb, representing a 
static component of the detected air pressure, i.e., a pressing pressure of the 
brachium cuff 40 (hereinafter, referred to as the brachium cuff pressure, 
PCb)- The filter circuit 48 supplies the brachium cuff pressure signal SCb to 
the control device 36 via an A/D converter 52. The pulse wave filter circuit 
50 extracts, fi'om the pressure signal SP2, a brachium pulse wave signal, 
SMb, representing a brachium pulse wave as an oscillatory component of the 
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detected air pressure that has prescribed frequencies. The filter circuit 50 
supplies the brachium pulse wave signal SMb to the control device 36 via an 
A/D converter 54. Since the brachium pulse wave signal SMb represents the 
brachium pulse wave as the pressure oscillation produced in the brachium 
cuff 40, the pulse wave filter circuit 50 fixnctions as a brachium pulse wave 
detecting device. 

[0020] A heart sound microphone 56 is attached, with, e.g., an 

adhesive tape, not shown, to a chest of the patient. The heart sound 
microphone 56 functions as a heartbeat synchronous signal detecting device 
which detects heart sounds as a heartbeat synchronous signal. The 
microphone 56 incorporates a piezoelectric element, not shown, which 
converts the heart sounds produced from the heart of the patient, into an 
electric signal, i.e., a heart sound signal SH representing a waveform of the 
heart sounds. A heart sound signal amplifier 58 incorporates four sorts of 
filters, not shown, which cooperate with each other to attenuate a low pitch 
component of the heart sounds that has a great energy, so as to allow clear 
recording of a high pitch component of the heart sounds. The heart sound 
signal SH supplied from the heart sound microphone 56 is amplified and 
filtered by the heart sound signal amplifier 58, and then is supplied to the 
electronic control device 36 via an A/D converter, not shown. 
[0021] An input device 60 includes a plurality of numeral keys, not 

shown, which are manually operable for inputting numerals representing a 
stature T of the patient, and supplies a stature signal ST representing the 
patient's stature T inputted through the keys, to the electronic control 
device 36. 

[0022] The electronic control device 36 is essentially provided by a 

microcomputer including a CPU (central processing unit) 62, a ROM (read 
only memory) 64, a RAM (random access memory) 66, and an I/O (input and 
output) port, not shown, and the CPU 62 processes signals according to 
control programs pre-stored in the ROM 64, while utilizing a temporary 
storage function of the RAM 66. The CPU 62 outputs, from the I/O port, 
drive signals to the two air pumps 28, 47 and the two pressure control 
valves 26, 46 so as to control the respective operations thereof and thereby 
control the respective air pressures of the ankle cuff 20 and the brachium 
cuff 40. In addition, the CPU 62 processes signals supplied to the control 
device 36, so as to determine an ankle and brachium blood pressure index 
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ABI, a first pulse wave propagation velocity PWVl, and a second pulse wave 
propagation velocity PWV2 of the patient, and controls a display device 68 
to display the thus determined values ABI, PWVl, PWV2. Moreover, the 
CPU 62 diagnoses or judges, based on the thus determined values ABI, 
PWVl, PWV2, whether the left inferior limb of the patient has 
arteriostensis, and operates the display device 68 to display the result of 
this diagnosis or judgment. 

[0023] Fig. 2 is a diagrammatic view for explaining essential control 

functions of the electronic control device 36. A cuff pressure changing device 
or means 70 controls, according to a command signal supplied from an ankle 
blood pressure determining device or means 72, described later, or a 
brachium blood pressure determining device or means 72, described later, 
and based on the ankle and brachium cuff pressure signals SCa, SCb 
supplied fi:om the static pressure filter circuits 30, 48, the two air pumps 28, 
47, and the two pressure control valves 26, 46 respectively connected to the 
two pumps 28, 47, so as to change the ankle cuff pressure PCa and the 
brachium cuff pressure PCs, as follows- First, the changing means 70 
quickly increases the ankle cuff pressure PCa up to a prescribed first target 
pressure PCmi (e.g., 240 mmHg) which would be higher than a systolic blood 
pressure BP(A)sys of the ankle 12, and then quickly increases the brachium 
cuff pressxire PCb up to a prescribed second target pressure PCm2 (e.g., 180 
mmHg) which would be higher than a systolic blood pressure BP(B)sys of 
the brachium 14. Subsequently, the changing means 70 starts slowly 
decreasing the ankle cuff pressure PCa and the brachium cuff pressure PCb, 
slowly at a rate of about 3 mmHg/sec. Finally, after determination of a 
diastolic blood pressure BP(A)dia of the ankle 12, the changing means 70 
releases the ankle cuff pressure PCa to atmospheric pressure^ and, after 
determination of a diastolic blood pressure BP(B)dia of the brachium 14, the 
changing means 70 releases the brachium cuff pressure PCs to the 
atmospheric pressure. 

[0024] In addition, the cuff pressure changing means 70 controls, 

according to a command signal supplied firom a first pulse wave velocity 
determining device or means 78, described later, or a second pulse wave 
velocity determining device or means 80, described later, the two air pumps 
28, 47, and the two pressure control valves 26, 46, so as to change the ankle 
cuff pressure PCa and the brachium cuff pressure PCs, to a prescribed pulse 
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wave detection pressure. 

[0025] The ankle blood pressure determining means 72 determines, 

based on change of respective amplitudes of successive heartbeat 
synchronous pulses of the ankle pulse wave that is continuously detected 
when the brachium cuff pressure PCa is slowly decreased by the cuff 
pressure changing means 70, blood pressure values of the ankle 12, i.e., . an 
ankle systoHc blood pressure BP(A)sys, an ankle mean blood pressure 
BP(A)mean, and an ankle diastolic blood pressure BPC!^)dia, according to well 
known oscillometric algorithm. The brachium blood pressure determining 
means 74 determines, based on change of respective amplitudes of 
successive heartbeat synchronous pulses of the brachium pulse wave that is 
continuously detected when the brachium cuff pressure PCb is slowly 
decreased by the cuff pressure changing means 70, blood pressure values of 
the brachium 14, i.e., a brachium systolic blood pressure BP(B)sys, a 
brachium mean blood pressure BP(B)mean, and a brachium diastoUc blood 
pressure BP(B)dia, according to the same oscillometric algorithm as used by 
the ankle blood pressiure determining means 72. 

[0026] An ankle and brachium blood pressure index determining 

device or means 76, functioning as an inferior and superior limb blood 
pressure index determining device or means, determines an ankle and 
brachium blood pressure index ABI of the patient, based on the ankle blood 
pressure BP(A) determined by the ankle blood pressure determining means 
72, and the brachium blood pressure BP(B) that is determined by the 
brachium blood pressure determining means 74 and corresponds to the sort 
of ankle blood pressure BP(A) determined. For example, if the systolic ankle 
blood pressure BP(A)sys determined by the ankle blood pressure 
determining means 72 is used, the systolic brachium blood pressure 
BP(B)sYS determined by the brachium blood pressure determining means 74 
is used with the systolic ankle blood pressure BP(A)sys to determine the 
ankle and brachium blood pressure index ABI of the patient. The ankle and 
brachium blood pressure index ABI may be determined by dividing the 
ankle blood pressure BP(A) by the brachium blood pressure BP(B), or 
dividing the brachium blood pressure BP(B) by the ankle blood pressure 
BP(A). The determining means 76 operates the display device 68 to display 
the thus determined ankle and brachium blood pressure index ABI. 
[0027] A first pulse wave propagation velocity determining device or 
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means 78 as a first pulse wave propagation velocity related information 
obtaining device or means reads in the ankle pulse wave signal SMa and the 
brachium pulse wave signal SMb respectively supplied fi:om the pulse wave 
filter circuit 32 and the pulse wave fiilter circuit 50, determines respective 
prescribed periodic points (e.g., respective maximum points or respective 
rising points) of respective heartbeat synchronous pulses of the ankle pulse 
wave and the brachium pulse wave that are respectively represented by the 
ankle pulse wave signal SMa and the brachium pulse wave signal SMb, and 
additionally determines a time difference between respective times of 
detection of the thus determined respective prescribed periodic points of the 
respective pulses. The respective prescribed periodic points of the respective 
pulses correspond to each other. For example, if the maximum point of pulse 
of one of the ankle and brachium pulse waves is determined, then the 
maximum point of pulse of the other pulse wave is determined. The thus 
determined time difference is a difference between a time needed for the 
ankle pulse wave to propagate firom the patient's heart to the ankle 12 and a 
time needed for the brachium pulse wave to propagate from the patient's 
heart to the brachium 14, and means a pulse wave propagation time DT 
with respect to the ankle 12 and the brachium 14. This pulse wave 
propagation time DT is a first pulse wave propagation time DTI, since the 
left ankle 12 is a first measuring point and this propagation time DT is a 
time needed for the ankle pulse wave to propagate through a first 
propagation interval whose one end is defined by the first measuring point 
and which includes an upstream portion of the left inferior hmb of the 
patient that is located upstream of the left ankle 12. In addition, the pulse 
wave propagation velocity determining means 78 replaces the following 
expression (l) defining a relationship between stature T and distance 
difference Ll, with the patient's stature T suppUed from the input device 60, 
and thereby determines a distance difference Ll between a propagation 
distance firom the patient's heart to the ankle 12 and a propagation distance 
firom the patient's heart to the brachium 14, and subsequently replaces the 
following expression (2) with the thus determined distance difference Ll 
and the above described first pulse wave propagation time DTI, and thereby 
determines a first pulse wave propagation velocity PWVl (cm/sec). Finally, 
the determining means 78 operates the display device 68 to display the thus 
determined fiirst pulse wave propagation velocity PWVl- 
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Expression (l) Ll = aT + b 

where a, b are experimentally obtained constants, 

Expression (2) PWVl = Ll/DTl 

[0028] A second pulse wave propagation velocity determining device 

or means 80 as a second pulse wave propagation velocity related 
information obtaining device or means reads in, substantially 
simultaneously with the reading of the ankle and brachium pulse wave 
signals SMa, SMb by the first pulse wave propagation velocity determining 
means 78, the heart sound signal SH supplied from the heart sound 
microphone 56 and the brachium pulse wave signal SMb supplied from the 
pulse wave filter circuit 50, determines a prescribed periodic point of the 
heart sound waveform represented by the heart sound signal SH and a 
prescribed periodic point of the brachium pulse wave represented by the 
brachium pulse wave signal SMb, and additionally determines a time 
difiference between respective times of detection of the thus determined 
respective prescribed periodic points of the heart sound waveform and the 
brachium pulse wave. The respective prescribed periodic points of the heart 
sound waveform and the brachium pulse wave correspond to each other. For 
example, if a start point of heart sound II of the heart sound waveform is 
determined, then a dicrotic notch of the brachium pulse wave that 
corresponds to the start point is determined. The thus determined time 
difference is a time needed for the brachium pulse wave to propagate from 
the patient's heart (i.e., aortic valve) to the brachium 14, and means a pulse 
wave propagation time DT with respect to the brachium 14. This pulse wave 
propagation time DT is a second pulse wave propagation time DT2, since 
this propagation time DT is a time needed for the brachium pulse wave to 
propagate through a second propagation interval which does not include any 
portions of the left inferior limb of the patient. In addition, the second pulse 
wave propagation velocity determining means 80 replaces the following 
expression (3) defining a relationship between stature T and propagation 
distance L2, with the patient's stature T supplied firom the input device 60, 
and thereby determines a propagation distance L2 from the patient's heart 
to the brachium 14, and subsequently replaces the following expression (4) 
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with the thus determined propagation distance L2 and the above described 
second pulse wave propagation time DT2, and thereby determines a second 
pulse wave propagation velocity PWV2 (cm/sec). Finally, the determining 
means 80 operates the display device 68 to display the thus determined 
second pulse wave propagation velocity PWV2; 

Expression (3) L2 = cT + d 

where c, d are experimentally obtained constants, 

Expression (4) PWV2 = L2/DT2 

[0029] A display control device or means 82 controls the display 

device 68 to display a two-dimensional graph 88, shown in Fig. 3, that is 
defined by a first axis 84 indicating ankle and brachium blood pressure 
index ABI and a second axis 86 indicating first pulse wave velocity PWVl, 
and additionally display a single measured-value symbol 90 representing 
the ankle and brachium blood pressure index value ABI calculated by the 
ankle and brachium blood pressure index determining means 76 and the 
first pulse wave velocity value PWVl determined by the first pulse wave 
propagation velocity determining means 78. 

[0030] The two-dimensional graph 88 shows an abnormal area or 

range 92, first and second advisory areas or ranges 94, 96 and a normal area 
or range 98. If the measured- value symbol 90 falls in the abnormal range 92, 
then it can be judged that there is a high possibility that the inferior limb 
including the ankle 12 where the ankle blood pressure values BP(A) were 
measured may have arteriostenosis and therefore the blood pressure index 
ABI is abnormal; if the symbol 90 falls in the first or second iadvisory range 
94, 96, then it can be judged that the possibility that the inferior limb 
including the ankle 12 may have arteriostenosis cannot be denied and 
therefore it is needed to undergo additional examinations; and if the symbol 
90 falls in the normal range 98, then it can be judged that the inferior limb 
including the ankle 12 does not have arteriostenosis and it is normal. The 
first advisory range 94 indicates that the first pulse wave velocity PWVl is 
normal but the blood pressure index ABI is advisory. Those ranges 92, 94, 96, 
98 are determined based on experiments. In the example shown in Fig. 3, 
when the measured blood pressure index value ABI falls in a range not 
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greater than 0.8, the symbol 90 is displayed in the normal range 92, 
irrespective of the measiired first pulse wave velocity value PWVi; when the 
measured first velocity value PWVl falls in a range lower than 1,400 cm/s 
and the measured blood pressure index value ABI falls in a range firom 0.8 
to 0.9 or a range greater than 1.3, the symbol 90 is displayed in the first 
advisory range 94; when the measured first velocity value PWVl falls in a 
range not lower than 1,400 cm/s and the measured blood pressure index 
value ABI falls in a range greater than 0.8, the symbol 90 is displayed in the 
second advisory range 96; and in other cases, the symbol 90 is displayed in 
the normal range 98. Since the measured-value symbol 90 is displayed in 
the two dimensional graph 88 by the display device 68, a medical person 
such as a doctor or a nurse can judge whether there is any possibility that 
the patient has arteriostenosis in the inferior limb including the ankle 12, 
by identifying in which range out of the abnormal range 92, the first 
advisory range 94, the second advisory range 96, and the normal range 98 
the symbol 90 is displayed. 

[0031] An arteriostenosis judging device or means 100 first judges, 

based on the ankle and brachium blood pressure index value ABI calculated 
by the ankle and brachium blood pressure index determining means 76, 
whether the patient has arteriostenosis in the inferior limb including the 
ankle 12. More specifically described, when the measured blood pressure 
index value ABI falls in the prescribed normal range 92, the arteriostenosis 
judging means 100 judges that the patient has arteriostenosis in the inferior, 
limb including the ankle 12, and operates the display device 68 to display 
characters and/or symbols indicating this judgment. 

[0032] When the measured blood pressure index value ABI does not 

fall in the prescribed normal range 92, then the judging means 100 judges, 
based on not only the measured blood pressure index value ABI and the 
measured first velocity value PWVl but also the measured second velocity 
value PWV2 determined by the second pulse wave velocity determining 
means 80, whether the patient has arteriostenosis in the inferior limb 
including the ankle 12 where the ankle blood pressure values BP(A) were 
measured. More specifically described, when the measured blood pressure 
index value ABI falls in the normal range or the advisory range and the 
measured first velocity value PWVl falls in the normal range, the judging 
means 100 judges that there is a high possibility that the patient may have 
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arteriostenosis in the inferior limb including the ankle 12, if the measured 
second velocity value PWV2 falls in a prescribed abnormal range that 
indicates arterial calcification. In this case, the judging means 100 operates 
the display device 68 to display characters and/or symbols indicating this 
judgment. The reason why, through the measured index value ABI does not 
fall in the abnormal range 92, the judging means 100 can judge that there is 
the high possibility that the patient may have arteriostenosis in the inferior 
limb is as follows- When the measured second velocity value PWV2 indicates 
arterial calcification, it can be highly expected that the measured first 
velocity value PWVl would also indicate arterial calcification. However, in 
fact, if the measured first velocity value PWVl is normal, it can be judged 
that the inferior limb including the measurement interval where the first 
velocity PWVl was measured would suffer not only arterial calcification but 
also arteriostenosis and for this reason the measured first velocity value 
PWVl appears to be normal and the measured index value ABI appears to 
be not abnormal. 

[0033] Figs. 4 and 5 are flow charts representing the control 

functions of the electronic control device 36, shown in Fig. 2. More 
specifically explained. Fig. 4 shows an ankle and brachium blood pressure 
index ABI calculating routine; and Fig. 5 shows a pulse wave propagation 
velocity calculating and arteriostenosis diagnosing routine that follows the 
flow chart of Fig. 4. The routines of Figs. 4 and 5 are started upon operation 
of a start button, not shown, under the condition that the stature signal ST 
representing the patient's stature T has already been supplied from the 
input device 60 to the control device 36. 

[0034] First, the routine of Fig. 4 is explained. At Step SAl, the 

control device 36 sets timer, t, to zero (i.e., t = 0). Subsequently, at Step SA2, 
the control device 36 controls the air pump 28 and the pressure control valve 
26 so as to start quick increasing of the ankle cuff pressure PCa- Then, at 
Step SA3, the control device 36 adds one to the timer t (i.e., t = l) and, at 
Step SA4, the control device 36 judges whether the timer t has reached a 
prescribed delay time, ta. The delay time ta is so prescribed as to cause the 
ankle cuff pressure PCa and the brachium cuff pressure PCb to reach 
substantially simultaneously the respective target pressure values PCmi, 
PCm2. 

[0035] If a negative judgment is made at Step SA4, the control 
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device 36 repeats Step SA3 and the following steps to measure a time that 
has elapsed since the start of increasing of the ankle cuJff pressure PCa, 
while continuing the increasing of the ankle cuff pressure PCa- Meanwhile, 
if a positive judgment is made at Step SA4, the control of the control device 
36 proceeds with Step SA5 to control the air pump 47 and the pressure 
control valve 46 so as to start quick increasing of the brachium cuff pressure 
PCb. 

[0036] Subsequently, the control device 36 judges whether the ankle 

cuff pressure PCa has been increased up to the first target pressure PCmi, 
e.g., 240 mmHg and the brachium cuff pressure PCs has been increased up 
to the second target pressure PCm2, e.g., 180 mmHg. Step SA6 is repeated 
till a positive judgment is made, while the quick increasing of the ankle and 
brachium cuff pressure PCa, PCb is continued. Meanwhile, if a positive 
judgment is made at Step SA6, the control goes to Step SA7 to stop the air 
pumps 28, 47 and controls the pressure control valve 26, 46 so as to start 
slow decreasing of the ankle and brachium cuff pressure PCa, PCb, e.g., at a 
prescribed rate of 3 mmHg/sec. 

[0037] Subsequently, at Step SA8 corresponding to the ankle blood 

pressure determining means 72 and the brachium blood pressure 
determining means 74, the control device 36 carries out a blood pressure 
determining routine. More specifically described, the control device 36 stores 
the ankle cuff pressure signal SCa and the ankle pulse wave signal SMa 
respectively supplied from the static pressure filter circuit 30 and the pulse 
wave filter circuit 32, determines respective values of the ankle cuff 
pressure PCa represented by the ankle cuff pressure signal SCa and 
respective amplitudes of successive heartbeat synchronous pulses of the 
ankle pulse wave represented by the ankle pulse wave signal SMa, and 
determines, based on the thus determined respective values of the ankle cuff 
pressure PCa and the thus determined respective amplitudes of successive 
heartbeat synchronous pulses of the ankle pulse wave, an ankle systolic 
blood pressure BP(A)sys, an ankle mean blood pressure BP(A)mean, and an 
ankle diastolic blood pressure BP(A)dia of the patient, according to a 
well-known oscillometric blood pressure determining algorithm. Likewise, 
the control device 36 stores the brachium cuff pressure signal SCa supplied 
fi:om the static pressure filter circuit 48, and the brachium pulse wave 
signal SMb supplied from the pulse wave filter circuit 50, determines 
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respective values of the brachium cufif pressure PCb represented by the 
brachium cuff pressure signal SCb and respective amplitudes of successive 
heartbeat synchronous pulses of the brachium pulse wave represented by 
the brachium pulse wave signal SMb, and determines, based on the thus 
determined respective values of the brachium cuff pressure PCb and the 
thus determined respective amplitudes of successive heartbeat synchronous 
pulses of the brachium pulse wave, a brachium systolic blood pressure 
BP(B)sYS, a brachium mean blood pressure BP(B)mean, and a brachium 
diastohc blood pressure BP(B)dia of the patient, according to the 
oscillometric blood pressure determining algorithm. 

[0038] Then, at Step SA9, the control device 36 judges whether the 

determination of ankle and brachium blood pressure values BP(A), BP(B) at 
Step SA8 has been completed. Since the cuff pressure PCa, PCb are slowly 
decreased, the diastolic blood pressure values BP(A)dia, BP(B)dia are 
determined last. Therefore, at Step SA9, the control device judges whether 
the diastolic blood pressure values BP(A)dia, BP(B)dia have been determined. 
If a negative judgment is made at Step SA9, the control device 36 repeats 
Step SAB and the following steps. Meanwhile, if a positive judgment is made 
at Step SAB, the control goes to Step SAIO so as to control the pressure 
control valves 26, 46 to release the ankle and brachium cuff pressure PCa, 
PCb to atmospheric pressure. 

[0039] Subsequently, at Step SAT, the control device 36 carries out 

Step SAll corresponding the ankle and brachium blood pressure index 
determining means 76. At Step SAll, the control device 36 divides the ankle 
systolic blood pressure BP(A)sys determined at Step SA8, by the brachium 
systolic blood pressure BP(B)sys also determined at Step SA8, and operates 
the display device 68 to display the thus determined index value ABI. 
Following Step SAll, the control proceeds with the routine shown in Fig. 5. 
[0040] Next, the routine of Fig. 5 will be described. First, at Step 

SBl, the control device 36 determines, for the ankle 12, an ankle pulse wave 
detection pressure by subtracting a prescribed pressure, a, from the ankle 
diastolic blood pressure BP(A)dia determined at Step SA8 of Fig. 4, and 
additionally determines, for the brachium 14, a brachium pulse wave 
detection pressure by subtracting the prescribed pressure a from the 
brachium diastolic blood pressxire BP(B)dia also determined at Step SA8. 
Subsequently, at Step SB2, the control device 36 re-starts the air pumps 28, 
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47 and controls the pressure control valves 26, 46 so as to change and kept 
the ankle and brachium cuflf pressure PCa, PCb to and at the ankle and 
brachium pulse wave detection pressures determined at Step SBl. 
[0041] Then, at Step SB3, the control device 36 reads in respective 

one-pulse lengths of the heart sound signal SH supplied from the heart 
sound microphone 56 via the signal amplifier 58, the ankle pulse wave 
signal SMa supplied fi-om the pulse wave filter circuit 32, and the brachium 
pulse wave signal SMb supplied firom the pulse wave filter circuit 50. 
Subsequently, at Step SB4, the control device 36 stops the air pumps 28, 47 
and controls the pressure control valves 26, 46 so as to release the ankle and 
brachium cuff pressure PCa, PCs to the atmospheric pressure. In the flow 
charts shown in Figs. 4 and 5, Steps SAl to SA7, SAID, SBl, SB2, and SB4 
correspond to the cuff pressure changing means 70. 

[0042] Then, the control goes to Steps SB5, SB6, and SB7 

corresponding to the first and second pulse wave velocity determining 
means 78, 80. First, at Step SB5, the control device 36 determines a start 
point of a heart sound II of the heart sound waveform represented by the 
heart sound signal SH read in at Step SB3, respective rising points of the 
ankle and brahcium pulse waves represented by the ankle and brachium 
pulse wave signals SMa, SMb also read in at Step SB3, and a dicrotic notch 
of the brachium pulse wave. In addition, the control device 36 calculates, as 
a first pulse wave propagation time DTI, a time difference between a time of 
detection of the rising point of the ankle pulse wave and a time of detection 
of the rising point of the brachium pulse wave, and additionally calculates, 
as a second pulse wave propagation time DT2, a time difference between a 
time of detection of the start point of the heart sound II and a time of 
detection of the dicrotic notch of the brachium pulse wave that corresponds 
to the start point of the heart sound II. 

[0043] Subsequently, at Step SB6, the control device 36 substitutes 

the above-indicated expressions (l) and (3) with the patient's stature T 
represented by the stature signal ST supplied from the input device 60, so 
as to determine a distance difference LI between a propagation distance 
between the patient's heart and the ankle 12 and a propagation distance L2 
between the patient's heart and the brachium 14, and the propagation 
distance L2 between the patient's heart and the brachium 14, respectively. 
Then, at Step SB7, the control device 36 substitutes the above -indicated 
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expression (2) with the first pulse wave propagation time DTI determined 
at Step SB5 and the distance difference Ll determined at Step SB6, so as to 
calculate a first pulse wave propagation velocity PWVl (cm/sec), and 
additionally substitutes the above-indicated expression (4) with the second 
pulse wave propagation time DT2 determined at Step SB5 and the 
propagation distance L2 determined at Step SB6, so as to calculate a second 
pulse wave propagation velocity PWV2 (cm/sec). Then, the control device 36 
operates the display device 68 to display the thus calculated fiirst and second 
pulse wave propagation velocity values PWVl, PWV2. 

[0044] Subsequently, at Step SB8 corresponding to the display 

control means 82, the control device 36 controls the display device 68 to 
display the two dimensional graph 88, as shown in Fig. 3, and additionally 
display, in the graph 88, the measured-value symbol 90 representing the 
ankle and brachium blood pressure index ABI calculated at Step SAll and 
the first pulse wave propagation velocity PWVl calculated at Step SB7. 
[0045] Then, the control goes to Steps SB9 and SB 10 corresponding 

to the arteriostenosis judging means 100. At Step SB9, first, the control 
device 36 judges, when the ankle and brachium blood pressure index value 
ABI, calculated at Step SAll, falls in the normal range 92, that the patient 
has arteriostenosis in the inferior limb including the ankle 12. Second, even 
if the blood pressure index value ABI may not fall in the abnormal range 92, 
but, if the first pulse wave velocity PWVl calculated at Step SB7 falls in the 
normal range and if the second velocity value PWV2 also calculated at Step 
SB7 falls in the abnormal range, the control device 36 judges that there is a 
high possibiUty that the patient may have arteriostenosis in the inferior 
limb including the ankle 12. 

[0046] Finally, at Step SB 10, the control device 36 operates the 

display device 68 to display characters and/or symbols indicating the 
judgment made at Step SB9. 

[0047] In the illustrated embodiment, in the case where the inferior 

limb including the ankle 12 where the ankle blood pressure value BP(A) is 
measured, suffers not only arteriostenosis but also calcification and 
accordingly the ankle and brachium blood pressure index ABI falls in the 
normal or advisory range and the first pulse wave velocity PWVl measured 
with respect to the amkle 12 and the brachium 14 falls in the normal range, 
the arteriostenosis judging means 100 (Steps SB9 and SB 10) judges that 
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there is a high possibility that the patient may have arteriostenosis in the 
inferior limb including the ankle 12, if the second pulse wave velocity PWV2 
measured with respect to the measurement interval between the patient's 
heart and the brachium 14 that does not include any portions of the inferior 
limb. Thus, the present apparatus 10 can more reliably j5nd the 
arteriostenosis of the inferior limb of the subject. 

[0048] In the illustrated embodiment, in particular, the second 

pulse wave velocity PWV2 is measured with respect to the measurement 
interval between the patient's heart and the brachium 14, i.e., a 
measurement interval located in an upper half of the patient's body. Since 
the upper half body is less likely to suffer arteriostenosis than the lower half 
body, the present apparatus 10 can still more reliably find the 
arteriostenosis of the inferior limb including the ankle 12. 
[0049] While the present invention has been described in its 

embodiment by reference to the drawings, it is to be understood that the 
invention may otherwise be embodied. 

[0050] For example, in the illustrated embodiment, the first pulse 

wave velocity PWVl is measured with respect to the ankle 12 as one of the 
two measxiring points and the brachium 14 as the other measuring point. 
However, the brachium 14 as the other measuring point may be replaced 
with different portions of the subject, such as the heart, a wrist, or a 
cerebral portion. 

[0051] In addition, in the illustrated embodiment, the second pulse 

wave velocity PWV2 is measured with respect to the measurement interval 
between the patient's heart and the brachium 14. However, the 
measurement interval between the patient's heart and the brachium 14 may 
be replaced with different measurement intervals located in the upper half 
of the patient's body, such as an interval between the heart and a cerebral 
portion, an interval between the brachium 14 and a wrist. Otherwise, the 
measurement interval between the patient's heart and the brachium 14 may 
be replaced with different measurement intervals located in the lower half 
of the patient's body, such as an interval between the heart and an inferior 
Umb different firom the inferior limb including the ankle 12 where the ankle 
blood pressure BP(A) is measured. 

[0052] It is to be understood that the present invention may be 

embodied with other changes, improvements and modifications that may 
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occur to a person skilled in the art without departing from the spirit and 
scope of the invention defined in the appended claims. 



